いわし糠漬け熟成中の不揮発性アミン蓄積の機序ならびに塩汁の役割に関する研究 by 八並 一寿
いわし糠漬け熟成中の不揮発性アミン蓄積の機序な
らびに塩汁の役割に関する研究
































































































































































































































































































































































































~~~~e~r6D;d~~~, pH. NaCI~:;~V~VBNa)~W~~~~;~~~. Table 2-1 ec~Vt*･-. 7k~~I~ 31.4-
49.1 % ~~, ;tL~~~cD7~~lr,*~'~>~ifii~ 47.8-48.2 %(Vi~~:b, 1973), 43.9-45.4 
%(~i~ ~, 1991)J: ~ ~)~b~b･-~'t~:~¥~~~1:h~~h*. t*-. ~!,i4~a))dlci~t~~~~~~ej~,e;~~･-~'~, ~a) 
~~a)~~h~rf,a)~~4te~e~~jU~t~:~¥(Vi~~b, 1973): ~h>b, ;(D;~ci~-r~~~~a)i~t~~~~~e~~W 
~l~)j~~¥~b;ll~~~:a)i~V¥t~:2iecJ~~~)a)~a~~~. pH e~ 5.07-5.58 ~~ ~ . T~~!~""~6D 
~1~~~!J 5.40-5.43(UJ~!!~, 1973), 5.4-5.5(~1~~, 1991)~a~~~ ~i~t~~~:8~~~, ~;r,"~'ec 
J(~pH(Dj~~le~'-i't~:~'~:~;~t-*. NaCl-~~:t~ 7.2-15.3 % I~, ~~~~!J(D 12.80-
12.87(LU~~~, 1973), 8.1-17.0 %(fDDlb, 1982), 9-13 %(fUFB ･ ,J,~~, 1986), 
12.2-14.1 %(~l~ b, 1991)2:e~e~-~(Vt･･*. ~l~e:f~!;~~~e:J~ ~~t,i4~6DNaCI~:'~ut_-'~¥ec 
~hUV, ~~~~,e C~e~~:/~~:~~4tVt~~~¥(Vi~~ib 1973)6D~ NaCl-~~~=6Di~~l~);~(i~F~:~l 
Table 2-2_ Non-volatile ainine contents af the commercial 
fermented sardine with rice-brarL 





















































0 71 (0.4) 
0 82 (0.7) 












1 21 (82.9) 
N.D. (-) 
4 25 (35.8) 
28.92 (61 .4) 
N.D. (-) 
8.90 (52.3) 










2 8 (27.3) 





4 04 (34.1) 
4.07 (8.6) 
1 .64 (38.8) 
6 27 (36.8) 
48 63 (28.4) 
50  17 (43.2) 
37 29 (32.7) 
38.98 (23.0) 
27 (4.8) 
1 95 (3.3) 




0.98 (1 1.7) 
0 09 (0.1) 
0.07 (0.1) 





1 .05 (24.8) 
0.49 (2.9) 
0 5 (0.2) 
0 7 (0.2) 
0 12 (0.1) 
0 57 (0.3) 
0.10 (0.4) 
0.27 (0.5) 
N D. (-) 
2 84 (1.0) 
Meanl+ 7.43+12 10 O 78+0 75 36 83+42 16 21.33d: 0.43 dl 0.65 
* 
 standard deviation. N.D.: not detected. Put: putrescine_ Cad: 






















































































































































































































































































































Table 2-5_ Changes in NaC1 , total viable counts af the fresh and 
cured meat of sardine 
























4. I X 107 
7. I X 107 
4.5X 108 
4.6X 107 
' : cured in 15% NaC1 brine ar 30'C for 14 days. 
























Fresh No .2 
Cured No . 1 
Cured No .2 
R R R R R R R R R R R C c c c c c ++ ++ 
+ ~ + + + - + -~ -+ + + + + ++ + + + + F -- 
+w +w 
- 
+ + + + 
- 
- A B1 B2 C1 C2 D1 D2 E1 E2 F1 F2 G H1 H~ I J1 J2 
No. of isolates 
1 1 O O O 3 1 2 3 2 2 1 1 O 3 O 3 O I O 1 2 4 O I O O O 8 O O 5 2 1 2 O O O O 1 1 1 O 1 4 g O O O O O O 
1 1 O O 1 1 O 2 1 O I O 1 3 O O 
- 
 negative- O: oxidative. F: fermentative. 
R : rod. C : coccus. + : positive. 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3-13. Incidences of halotolerant and halophilic histamine-forming 
bactetia in commerciai marine fishes 
Fish No. of saJnples ex amine d 
No. of samples 
HH b acteria* 
ositive 
HH bacteria* 

















Totai 1 02 30 29 
･ H b acteria : Halotolerant and haiophilic histanrine forming b actetia which 
grew in 12% (w/v) NaC1 broth. 
Table 3- 1 4 _ Morphologicaal and biochemical characteristics of halotolerant 
and halophilic histamine-fornring bacteria (HH bacteria) isolated 
from red meat fish 





















f r o m 
Anaero b i c ally glucose 























































C : coccus. R : rod. D : reaction differes with strains. + : 
- 
 negative reaction. W : weak. NG : no growth. NE : 
0/129 : 2,4-diamin0-6,7-dilsopropylperidine phosphate. 
40 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5-9. Changes of ilon-volatile amine contents determined in raw 
sardine, salted sardine and femented sardine with rice-bran 





Salted s ardine 3 O 60 1 OO 120 1 50 180 
Put O 27 O 25 0.94 1 .47 2.26 O 8 1 1 .54 O .90 
Cad N.D . 0.07 O 07 O 07 O 09 O 1 1 O 04 O 18 
Hrn N.D . N.D . 1 08 3 65 2.71 2.68 2. 2 4.66 
Tym O 62 O 32 O 57 1 43 4.88 3.94 3.1 1 2.79 
Spd 0.36 0.23 0. 2 0.3 1 0.38 0.30 0.23 O 33 
* : on a dry basis (mg/100g). N.D. : not detected . 
Table 5- I O. ChaJrges of non-voiatile amine contents determined in 
fermented sardine in btine (FS B) during fermentaition 
process~ 
F ermentation 
period (days) 30 60 1 OO 120 150 1 80 
Put 0.28 O.13 0.13 0.12 0.09 0.33 
Cad 0.17 0.30 0.33 0.10 0.16 0.33 
Hhl 19.33 18.58 30.33 26 .2 1 27.84 19.47 
Tym 1 . 12 O . 94 2.87 4.93 7.29 7. 1 1 
S pd 0.45 0.33 0.55 0.40 0.35 0.29 
* : on a drybasis (mg/100g). N.D. : not detected. 
17 S/ ~16D~r~e:~;~l~ ~ ~: ~ ~ t*･-. 
~E4 17S/ ~~~~~':f4~~/ ~e~" ~~~t~~~~~""~6D~t~i4ta)7Ff~~et~~ * :/a)~i~~~ti~ 
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2 O I O O SO I OO I SO ZOO 
S alting F errrLentation (days) (days) 
Changes in viable bacterial counts of femlented sardine 
with rice-bran (FSR) and fermented sardine with brine 
(FSB) during processing 
Total bacteriai counts of FSR and FSB were indicated 
with FSR (1) and FSB (e). Yeast and mould counts 
of FSR and FSB were indicated with (/L) and (A). 
Lactic acid bacteriai counts of FSR and FSB were 
indicated with FSR ([]) and FSB (O). 
Table 5-1 1 . Changes in protease activity of raw , salted , fermented sardine with 
rice-bran (FSR) and fennented sardine in brine (FSB) 
Raw 
Sardine 
FSR da s FSB da s Salted 









1 69 1 24 1 48 1 73 555 2.58 3_32 
018 034 0.21 0.30 3.50 3.98 2.21 
3.12 
3 .03 
* : The protease activity (U) was measured as /J g of tyrosine liberated per min 





































































































































































































































































2 4 6 8 10 12 14 NaC1 (%) 
The effect of NaC1 on proteinase activity from brine , 
visceral and muscle was evaiuated by adjusting the 
assay mixture ta different NaC1 concentrations (O , 2 , 4 , 
6, 8, 10, 12> 14% NaC1). The mixture was incubated at 
55'C for 60 min ~ . ' ' . . casetn umt. 














Effect of pH on proteinase activity from britLe , visceral 
and muscle. Each activity was measured for the substrate 
of hemoglobin (1 % solution) in several pH condition at 
55'C . * : hemoglobirL unit. 


















































































































































































































































































































































































































































































































































































































Fraction No. (4ml/tube) 
1 OO 
~ E 


















Fraction No. (4ml/tube) 
1 oO 
O 
Elutl.' on profile and antioxidant activity of F6 fraction 
by size exclusion chromatography on Sepadex G-25 arLd 
TSK-GEL Toyopeal HW40. 
The colurrLh (2.5 X 50cm) for G-25 and it (2.5 X 72cm) for 
HW40 were equilibrated and eluted with distilled water. The 
numbers deboted elution positions of the following compounds: 
(1) Insulin (M.W.6,000); (2) Bacitracin (M.W. I ,41 1); (3) 
Tysosine (M.W. 1 8 1). HMW fraction obtained by G-25 was 
saparated by HW40 columu and the peaks were used to 
deterntine the antioxidat:irve activity. 























Ala 4・．74 6．351．103．95O．4・2 2．000．233．08
Cys o 0 0．13 0．34・ 0．080．28 0 0
Va1 3．463．520．651．780．31 1．120．161．63
Met 0 o 0．050．110．150．430．040．32
11e 1．101．000．41 1．OO0．31 1．000．11 1．00
Lue 2．542．310．81 1．980．531．71 0．222．00
Tアr 1．q21．260．460．820．210．490．181．18
Phe 0 0 0 0 0．290．740．271．95
恥 4．193．221．463．010．531』45O．191．46
Lys 12．039．81 O 0 1．253．620．675．47
Arg5．603．831．322．420．481．170．291．99


































































































































































































































































































Control 0 0 0．009
Addition 0 0 0、036
Contro1 O．142 0．827 1．87
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Kazuhisa Yatsunani 
Fermented sardine with rice-bran ( FSR), " Iwashinukazuke" is the Japanese 
traditional fermented fish products in Ishikawa Prefecture and it is produced by 
the fermentation of sardine with rice-bran in a barrel for a period from 6 
months to a year. During the ripening FSR is produced by the addition of the 
brine, "Shiojiru" which is exudated from the sardine' s body during salting and 
the brine is poured into the fernenting barrel at a suitable interval. The 
purpose of this study is to clarify the mechanisms for non-volatile anine (NVA) 
accumulation in the meat of FSR during its ripening in the first half of the 
study and this study is also designed to clarify the role of brine in the second 
half of this study. 
uvA content of FSR product and uvA formation on the model for FSR 
Non-volatile anine (NVA) content of FSR product and NVA formation on the 
model for FAR were analyzed. A Iarge anount of histamine (Hin) and tyramine (Tyn) 
was detected in the comuercial FSR products . NVA accumulation in the meat of 
salted sardine as the model for FSR was observed after the storage.Most isolates 
of salted sardine were divided intoVihrio-Aeromonas and Pseudomonas 111/IV-H, 
and the others were divided into Pseudomonas I/II, Pseudomonas I I I/IV-NH, 
Micrococcus and Staphylococccus. 
Occurrence of halotolerant and halophilic histanine-forning bacteria (HH 
bacteria) 
Halotolerant and halophilic histanine-forming bacteria (HH bacteria) were 
isolated from the counercial FSR and identified with genllS Staphylococcns. 
Staphylococcus N0.7 strain was inoculated into the broth containing high 
concentration of NaCl. Hm in 12% NaCl broth was almost the same level as 10'/. 
NaC1 at 30'C . The occurrence of HH bacteria in red meat fish products was 
studied. HH bacteria were isolated from 35 samples out of 133 red meat products. 
Twenty-three isolates, 20 isolates, and one isolate out of 46 HH bacteria were 
identical with Staphylococcus, Vibrio, Pseudomonas 111/IV-NH, respectively. The 
incidence of HH bacteria in marine fish was almost 30%. The isolates from fish 
were identified as Staphylococcus, Micrococcus and Vibrio. HH bacteria were 
divied into 5 groups; Staphylococcus, Micrococcus, Vihrio, Pseudomonas 111/IV-NH 
and Pseudomonas 111/IV-H. The isolates of HH bacteria in a member of the genus 
Staphylococcus were identified as S. epidermidis and S.horminis. The isolates of 
HH bacteria in Vibrio were identified as V.alginolyticus. 
NVA formation in the meat of FSR by IW bacteria 
Staphylococcus N0.101, N0.7 and Vibrio N0.793 produced large amount of Hhl in 
the broth containing high concentration of NaCl. N0.7 strain formed NVA in meat 
infusion of mackerel containing NaCl. The number of HH bacteria of the sardine 
meat added with 12'/. NaCl and salted sardine increased to more than 103/g. The 
number of HH bacteria of FSR increased over 104/g, while putrescine (Put), Htl 
and Tym also increased remarkably during 6 months fermentation. The isolates of 
HH bacteria from raw fish consisted of 5 genera or groups, i.e. , Staphylococcus, 
Micrococcus, Vibrio, Pseudomonas 111/IV-NH and Pseudomonas 111/IV-H. Those from 
FSR at 6 months fernentation were Staphylococcus, Micrococcus and Vibrio. 
The degree of hydrolysis of fish neat by the brine, "Shiojiru" which is used for 
the FSR processing 
The degree of hydrolysis of fish meat by the brine was studied to clarify the 
role of brine. The warmed brewing accelerated the degree of hydrolysis of the 
FSR meat. The brine accelerated the degree of hydrolysis of the sardine meat. 
The degree of hydrolysis of the sardine meat added with brine containing NaCl 
was higher than those added with koji and rice-bran. Brine protease (BP) 
activity was highest, and visceral protease (VP) was higher than that of muscle 
protease (MP). Optinum temperature of BP was at 55'C. BP was very stable for 
heat denaturation and strongly inhibited by serine protease inhibitor such as 
STI and DFP. 
Increse in food functionality of sardine neat hydrolyzate by brine during the 
processing of FSR 
The antioxidative activity of hot water soluble fraction of FSR increased 
almost 40~/, during the ripening. F6 fraction from FSR showing the strongest 
activity consisted Inainly of peptides. The peptides frou F6 fraction consisted 
mostly Glu, Lys, Asp, Lue and were estimated to be about 4700 Da and 3600Da. The 
hydrolyzate　of　sardine　meat　a皿d　sardine　皿yofibri　l　lar　protei皿　by　brine　protease
showed　the　antioxidative　activity．Angiote皿s　in　I　converting　e皿zy皿e　（EC．3．4．15．1，
ACE〉　shows　an　importa皿t　role　in　the　regulation　of　blood　pressure．　ACE　inhibitory
peptide　shows　to　lower　the　bloo〔l　pressure．　ACE　i皿hibitory　activity　of　hot　water
soluble　fraction　increased　with　fermentatio皿　ti皿e．The　for皿atio皿　of　sardine　皿eat
hydrolyzate　by　brine　protease　see皿ed　to　be　correlated　to　the　increase　of　ACB
inhibitory　activity　of　FSR．　Therefore，　it　was　concluded　that　the　role　of　brine
was　not　only　the　protease　source　but　also　the　i皿crease　of　food　functional　ity．
謝辞
　本研究において，終始懇意にご指導下さった東京水産大学食品生産学科藤井建夫教授に
深甚なる謝意を表します。
　また論文の作成にあたり御校閲下さった東京水産大学林　哲二教授，渡邊悦生教授，田
中宗彦教授，木村　凡助教授，大島俊明助教授に厚く謝意を表します。また本研究にあた
りご助言をいただいた，元東京水産大学奥積昌世教授に御礼申し上げます。
　本研究の遂行にあたり貴重な試料を提供して頂いた株式会社あら与荒与商店の荒木郁男
氏ならぴに荒木敏明氏に，心から御礼を申しあげます。
　本研究の遂行にあたり御配慮いただいた元玉川大学越後多嘉志教授（故人），玉川大学
教授竹中哲夫教授に謹んで謝意を表します。
　最後に本研究がなし得たのは，玉川大学農学部食品製造化学研究室の学生諸氏の御強力
があったことをここに記して深謝します。
